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osting by EAbstract This study was carried out during two years 2007 and 2008 in three sites (microhabitats)
of sand dunes i.e., El-Hauol, El-Gapher and Magaria located in North Sinai, Egypt to clarify the
ecological factors affecting sand dunes vegetation. Sand dune location, dune levels (interdune, foot,
ﬂank and crest), directions (windward and leeward) and the effect of storage period of soil seed
bank under room temperature on number of seedling emergence/m2 and survival of the natural veg-
etation growing on sand dunes ecosystem and some edaphic factors such as (soil moisture %, soil
particles size distribution and some chemical characteristics) were investigated. The simple correla-
tion coefﬁcients between some tested factors were also computed. The results indicated that the
microhabitats signiﬁcantly impacted the distribution patterns of the number of seedling emer-
gence/m2 in soil seed bank during the two years of study. Ecosystems may have different patterns
because vegetation and soil seed bank can affect each other. The number of seedling emergence/m2
in soil seed bank increased with increasing the period of soil storages under room temperature dur-
ing the two years. The period of the soil storage had a signiﬁcant effect on the number of seed ger-
mination. The dune locations, directions and levels must play an important role on soil seed bank
and seed germination. Also, seed germination was affected by soil physical and chemical properties.
There were 54%, 34% and 12% of seed emergence; respectively, in El-Hauol, El-Gapher and
Magaria in the ﬁrst year and 70%, 24%, 6% in the second year. There was highly signiﬁcant simple4444 1454.
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Soil seed bank has generally been deﬁned as the amount of via-
ble seeds present in the soil of deﬁned area. Soil seed banks
have been studied in various ways in various habitats, includ-
ing arable soil, pastures, natural forests, forest plantations,
lake shores, freshwater tidal marshes, salt marshes, prairie gla-
cial marshes, deserts and sand dune. On the basis of studies on
relationships between latitude and the number of buried seeds
in the soil, it does not appear to be a latitudinal trend in den-
sity of the buried seeds. It is concluded that there are four types
of seed banks and three kinds of seed banks which are similar
basically according to some research data. In frequently dis-
turbed habitats the species composition of the seed banks
and vegetation was usually similar. As the vegetation matures,
the disparity between these two increased. Acknowledgement
of the seed bank is of great value in agriculture, forestry,
conservation management and revegetation of mining
wastelands.
A soil seed bank is considered to be persistent when the dis-
persed seeds remain viable for more than one year. As a prop-
erty of a species, persistence refers to the ability of that species
to survive in the soil seed bank. Seed persistence has been dem-
onstrated in many ﬂora/ecosystems around the world, includ-
ing the desert in Arizona, USA (Philippi, 1993), the northwest
European ﬂora (Thompson, 1993), Mediterranean old-ﬁelds in
France (Lavorel et al., 1993), and Argentina mountain grass-
lands (Funes et al., 1999). Persistence has received much atten-
tion in the literature. The relationships between seed mass,
shape, and persistence have become a favorite topic and the
source of much controversy recently. Previous studies have re-
ported three different patterns to these relationships, with a
conclusion that the species with persistent seeds have signiﬁ-
cantly larger seeds than species with transient seeds (Yu et
al., 2007). However, species with small and/or round persistent
seeds were relatively common. The underlying mechanism pro-
posed for the observed pattern is a high proportion of large-
seeded, persistent species with hard seed coat dormancy and
abundant litter on the surface of the soil.
Fore dune perennials show variable responses to burial
(Ehrenfeld, 1990), but a large majority exhibits an increase in
vigor in areas with regular sand accretion. Increased vigor
may be deﬁned as an improvement in growth characters (phys-
iological, ecological) of an individual plant and (or) increase in
density, cover, and biomass per unit area. (Maun, 1996), and
other fore dune species are found in areas with recurrent sand
accretion rates of about 1–25 cm per year (Maun and Baye,
1989). Artiﬁcial burial experiments conﬁrm that burial in sand
is rate dependent and differs between species and life forms
(Maun, 1996). The emergence of seedling from a burial deposit
primarily is dependent on the energy reserves in its storage or-
gans and the speed, depth, and frequency of burial sand
(Maun, 1998). Many workers have investigated the soil seed
bank (Yan et al., 2005, 2009; Zaghloul, 2008; Yu et al.,
2003, 2007; Liu et al., 2007; Li et al., 2004).The aims of this study are to clarify the effect of storage
period of soil seed bank under room temperature on number
of seedling emergence/m2 and survival of the natural vegeta-
tion growing on sand dunes ecosystem.
Materials and methods
The study was conducted between November 2007 and June
2008, during two seasons as follows:
(a) Autumn season 2007: The soil samples were collected
throughout the ﬁrst week of November.
(b) Spring season 2008: The soil samples were collected
throughout the last week of June.
Study site: Three sand dunes located in North Sinai, Egypt
as follows:
Location Latitude (around) Longitude (around)
(I) El-Hauol 305701700 North 325500900 East
(II) El-Gapher 305203200 North 324002000 East
(III) Magaria 305200700 North 322805400 EastEvery sand dune was divided into two directions, i.e., wind-
ward direction and leeward direction, and four levels of every
one namely: ‘‘Interdune area’’, the ﬂat area between dunes,
‘‘Foot’’ the base of the dune, ‘‘Flank’’ the middle of dune
height and, its top ‘‘Crest’’.
Climatic factors (Table 1)
Climatic data were collected from Bir El-Abd meteorological
station, which is the most nearest station to study site.
The study area has hot and dry climate in the summer
months whereas it is cold in the winter. The average maximum
temperature is 33.8 C during July, while the average minimum
one is 8.1 C during January and the mean average is
20.973 C during the year. The air relative humidity (%) ran-
ged between 68% and 72% during the year. Estimated total
rainfall is 40.32 mm/year and the most of rainfall was during
autumn and winter months. The maximum wind speed is
about 21.8 (km/h) which has an important impact on the
dynamics of seed vegetation in this sand dunes area and the
dominant wind direction is north. Evaporation ranges from
4.1 mm/day in December to 11.1 mm/day in July.
Edaphic data
The study of edaphic factors was carried out on soil samples
collected from sand dunes {72 samples at three dunes, two
directions, four levels, one depth and three replicates}.
Analysis of soil samples
The collected soil samples were subjected to the following
analysis:
Table 1 Climatic data (as monthly means) of Bir El-Abd meteorological stations during the period (1962/2009).
Months Wind Air temperature (C) Air relative
humidity (%)
Total rainfall Evaporation
(mm/day)
Speed (km/h) Direction Max Min Average mm/cm No. of day
Jan. 20.9 W.S.W. 20.0 8.1 14.05 71 13.2 4.4 4.2
Feb. 17.6 W.S.W. 20.3 8.8 14.55 69 4.3 3.2 5.3
Mar. 13.0 N. 22.4 10.6 16.50 69 8 2.1 6.5
Apr. 13.7 N. 26.2 13.0 19.60 68 0.07 0.2 7.3
May 15.5 N. 29.0 16.3 22.62 69 0.9 0.4 8.4
Jun. 14.1 N. 31.3 19.2 25.25 71 0.0 0.0 10.3
Jul. 10.7 N. 33.8 21.6 27.70 71 0.0 0.0 11.1
Aug. 10.0 N. 33.4 22.3 27.85 71 0.0 0.0 10.2
Sep. 15.4 N. 31.5 20.4 25.95 69 0.05 0.1 8.7
Oct. 18.7 N. 28.7 17.3 23.00 72 8.7 1.1 6.8
Nov. 17.9 N.N.E. 25.3 13.1 19.20 72 0.9 1.0 4.8
Dec. 21.8 W.S.W. 21.5 9.3 15.40 69 4.2 2.5 4.1
Total – – – – – – 40.3 14.5 –
Mean 15.8 27 15.0 20.97 70 – – 7.308
Source: Meteorological Authority, Cairo, Egypt.
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stant weight.
Soil moisture content % ¼ fðFresh weight
Dry weightÞ=Dry weightg  100
(b) The collected soil samples were air dried, crushed softly
and passed through 2 mm sieve. The ﬁne soil samples
were subjected to physical analysis according to the
method of Page et al. (1982).
(c) Particle size was carried out for all samples using the
standard sieving technique (Folk and Ward, 1957).
(d) Soil salinity (EC) was measured by electric conductivity
in soil water suspension (1:2.5) after Jackson method
(1973) using EC meter (DIGIMETER L21).
Vegetation: Distribution of natural plants and their families
on the three studied dunes in North Sinai during two years
2007 and 2008 were reported. These plants were as follows:
Silene aegyptiaca, Polycarpaea repens, Paronychia sinaica,
Cornulacamonacantha, Convolvulus lanatus, Thymelaea hirsuta,
Artemisia monosperma, Lactuca undulate, Cutandia memphitica
and Ammophila arenaria.
Determination of soil seed bank samples
Soil samples were collected from 24 sites of every chosen loca-
tion area using wooden quadrate frame 50 · 50 cm = 1/4 m2
with 10 cm depth, this was repeated randomly four times.
These soil samples were collected in November 2007 and
June 2008. Each sample was divided into ﬁve samples, the ﬁrst
was subjected to germination factor directly and the other soil
samples were stored under dark room temperature (17–23 C)
for 6, 12, 18, and 24 months.Seedling emergence
The soil samples were put in plastic pots and suitable germina-
tion conditions for 60 days under plastic greenhouse. The pots
were irrigated every three days with tap water. The emerged
seedlings were counted every three days till 60 days from thebeginning. The cumulative amounts of seedling emergence
were calculated as a number (supported seed/m2).
Statistical analyses
In this study the tabulated data were presented as the probable
relations between two or three tested factors (dune locations,
their directions and their levels). Statistical analyses as simple
variations in terms of LSD at 5% level were calculated using
‘‘Computer, Co-Stat program’’.
In addition, simple correlation coefﬁcient (r) between certain
environmental factors and collected data were also calculated
according to the method described by Snedecor and Cochran
(1980). Using ‘‘Co-Stat and Microsoft Excel programs’’.
Results and discussion
Edaphic factors
Soil moisture percentage
Tables 2a–d show that most of the tested factors of sand dune
affected signiﬁcantly the soil moisture proportions. Generally,
soil moisture values seemed to be higher during the wet season
than the dry ones.
Windward had the highest moisture values. This result was
obtained at dry and wet seasons of both annuals; respectively,
at El-Hauol and Magaria dunes, while being at El-Gapher
dunes. On the other hand, leeward had the highest moisture
content in dry season of the ﬁrst annual at Magaria dunes
and the second annual at El-Hauol dunes as well as both wet
seasons at El-Gapher dunes. Soil moisture was nearly the high-
est under foot, followed by interdune levels.
In this respect, Costin et al. (1974), Draz et al. (1992), Singh
and Shankaranarayan (1986) and Gad (1999, 2004) reported
that the soil moisture of sand dunes is very low and lies below
2% which is very close to the wilting percentage.
Soil particles size distribution (Tables 3a and b)
Under El-Hauol sand dunes, 52.48% of soil particle size
seemed to be very coarse and coarse sand, these coarse sized
fractions from of 40.76% of El-Gapher area and 28.62% of
Table 2 Changes in soil moisture percentage as related to: (a) dune locations, (b) dune directions, (c) dune levels, and (d) combination
of dune locations, directions and their levels in North Sinai during two years (2007 and 2008).
2a. As related to dune locations
Locations 2007 2008 Mean
El-Hauol 0.157 1.926 1.042
El-Gapher 0.306 2.334 1.320
Magaria 0.259 1.879 1.069
Mean 0.241 2.046 1.144
New LSD at 5% 0.028 0.266 –
2b. As related to dune directions
Directions 2007 2008 Mean
Windward 0.232 1.841 1.037
Leeward 0.249 2.252 1.251
Mean 0.241 2.047 1.144
New LSD at 5% N.S. 0.217 –
2c. As related to dune levels
Levels 2007 2008 Mean
Interdune 0.244 1.843 1.044
Foot 0.289 2.041 1.165
Flank 0.277 1.943 1.11
Crest 0.152 2.359 1.256
Mean 0.241 2.047 1.144
New LSD at 5% 0.033 0.307 –
2d. As related to dune locations, directions and their levels
Locations Directions Levels 2007 2008 Mean
El-Hauol Windward Interdune 0.201 0.772 0.486
Foot 0.731 0.439 0.585
Flank 1.096 1.202 1.149
Crest 0.219 2.519 1.369
Leeward Interdune 0.187 0.879 0.533
Foot 0.897 1.007 0.952
Flank 0.419 1.073 0.746
Crest 0.969 0.574 0.772
El-Gapher Windward Interdune 0.835 0.355 0.595
Foot 0.459 0.935 0.697
Flank 0.872 1.631 1.251
Crest 2.220 0.781 1.501
Leeward Interdune 1.455 1.892 1.673
Foot 1.065 1.826 1.445
Flank 2.220 1.800 2.010
Crest 2.503 1.144 1.823
Magaria Windward Interdune 1.023 0.375 0.699
Foot 1.368 2.123 1.746
Flank 1.502 0.244 0.873
Crest 1.705 1.413 1.559
Leeward Interdune 1.119 1.861 1.490
Foot 1.670 0.860 1.265
Flank 2.237 0.657 1.447
Crest 1.147 1.171 1.159
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directions, leeward contained higher proportion 32.62% of
sand >0.25 mm, while this proportion was (22.92%)
windward.
With regards to the effect of sand dune levels, ‘‘Flank’’ con-
tained higher proportion 68.62% of sand >0.25 mm, while
this proportion was (64.95%) under ‘‘Crest’’ conditions,
(60.38%) under ‘‘Foot’’ conditions, and it was (41.75%) under
‘‘Interdune’’ conditions. Therefore, the prevailing wind direc-tion and its speed must play an important role in the soil par-
ticle size distribution.Soil chemical characteristics
The soil chemical properties of the sand dune as affected by
location, direction and level are given in Tables 4a–d. The re-
sults obtained can be discussed as follows:
Table 3 Average changes in the soil particle size (%) as related to: (a) dune locations, dune directions and dune levels and (b) dune
locations, directions and their levels on three studied dunes in North Sinai.
3a. As related to dune locations
Factors Percentage of particles size distribution (mm) Texture class
>2 2–1 1–0.5 0.5–0.25 0.25–0.125 0.125–0.063 <0.063
Locations El-Hauol 0.00 0.21 15.55 31.76 40.05 11.51 0.92 Sand
El-Gapher 0.00 6.31 19.44 35.15 33.97 4.71 0.43 Sand
Magaria 0.12 13.78 27.91 26.47 21.25 9.66 0.82 Sand
Mean 0.04 6.77 20.96 31.13 31.76 8.62 0.72 Sand
Direction Windward 0.05 4.72 18.15 32.88 34.34 9.09 0.78 Sand
Leeward 0.02 8.81 23.79 29.37 29.18 8.16 0.67 Sand
Mean 0.04 6.77 20.97 31.13 31.76 8.63 0.72 Sand
Levels Interdune 0.00 1.59 9.19 30.96 48.65 9.08 0.53 Sand
Foot 0 11.13 19.34 29.83 31.81 7.39 0.51 Sand
Flank 0.13 9.12 27.13 32.23 22.22 8.36 0.82 Sand
Crest 0.03 5.22 28.20 31.50 24.36 9.67 1.03 Sand
Mean 0.04 6.77 20.96 31.13 31.76 8.63 0.72 Sand
3b. As related to dune locations, directions and their levels.
Locations and directions Levels Percentage of particles size distribution (mm) Texture class
>2 2–1 1–0.5 0.5–0.25 0.25–0.125 0.125–0.063 <0.063
El-Hauol Windward Interdune 0.00 0.00 0.49 12.53 72.57 13.83 0.58 Sand
Foot 0.00 0.04 6.62 27.24 52.59 12.78 0.73 Sand
Flank 0.00 0.19 17.98 43.29 30.04 8.02 0.48 Sand
Crest 0.00 0.49 26.38 23.41 27.84 19.00 2.88 Sand
Mean 0.00 0.18 12.87 26.62 45.76 13.41 1.17 Sand
Leeward Interdune 0.00 0.01 11.28 42.60 37.4 8.35 0.36 Sand
Foot 0.00 0.07 12.49 38.08 39.26 9.61 0.49 Sand
Flank 0.00 0.81 40.95 24.71 18.58 13.47 1.48 Sand
Crest 0.00 0.07 8.20 42.18 42.15 7.03 0.37 Sand
Mean 0.00 0.24 18.23 36.89 34.35 9.62 0.68 Sand
El-Gapher Windward Interdune 0.00 0.55 11.61 46.02 36.06 5.26 0.50 Sand
Foot 0.00 0.06 4.24 48.56 45.28 1.83 0.03 Sand
Flank 0.00 0.89 19.75 48.27 27.74 2.98 0.37 Sand
Crest 0.00 1.56 27.30 41.42 23.96 5.33 0.43 Sand
Mean 0.00 0.77 15.73 46.07 33.26 3.85 0.33 Sand
Leeward Interdune 0.00 0.05 1.71 12.85 77.41 7.54 0.44 Sand
Foot 0.00 39.95 26.63 15.06 15.7 2.42 0.24 Sand
Flank 0.00 5.38 34.49 32.08 21.19 5.98 0.88 Sand
Crest 0.00 2.04 29.76 36.96 24.38 6.30 0.56 Sand
Mean 0.00 11.86 23.15 24.24 34.67 5.56 0.53 Sand
Magaria Windward Interdune 0.00 0.01 1.83 38.50 48.09 10.84 0.73 Sand
Foot 0.00 14.16 36.43 19.13 18.1 11.14 1.04 Sand
Flank 0.64 31.60 21.56 18.79 17.09 9.54 0.78 Sand
Crest 0.00 7.12 43.53 27.39 12.67 8.52 0.77 Sand
Mean 0.16 13.22 25.84 25.95 23.99 10.01 0.83 Sand
Leeward Interdune 0.00 8.94 28.20 33.23 20.38 8.66 0.59 Sand
Foot 0.00 12.48 29.64 30.88 19.9 6.58 0.52 Sand
Flank 0.12 15.86 28.06 26.24 18.66 10.15 0.91 sand
Crest 0.17 20.05 34.02 17.62 15.14 11.82 1.18 Sand
Mean 0.07 14.33 29.98 26.99 18.52 9.30 0.80 Sand
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Soil pH values of the dunes in the three locations under consid-
eration are in alkaline range and greater than 9 in all cases. The
pH values of El-Hauol sand dunes are somewhat lower than
those of the other dunes in all cases (wind direction and dune
levels). In addition, the pH values associated with El-Gapher
dune are, more or less, the same of that associated with Magar-
ia dune. In case of El-Hauol dunes the average recorded pH
values were 9.23 and 9.18 in windward and leeward directions,
respectively.No consistent trend was obtained with dune level for both
directions. The lowest pH value (9.43) was associated at crest
level and leeward direction.
In El-Gapher dunes the average recorded pH values were
9.66 and 9.18 in windward and leeward directions. The lowest
value was recorded at crest level and leeward direction;
however the highest one (9.84) was recorded in interdune
and leeward direction. In case of Magaria sand dunes, the
average pH values were 9.89 and 9.49 in windward and lee-
ward directions.
Table 4 Some chemical characteristics as related to: (a) dune directions, (b) dune levels (c) dune depths, and (d) combined dune
directions, levels and their depths on three sand dunes studied in North Sinai.
4a. As related to dune locations
Locations Soil pH Soil EC (dS m1)
El-Hauol 9.21 1.46
El-Gapher 9.42 1.51
Magaria 9.75 1.55
Mean 9.46 1.51
4b. As related to dune directions
Directions Soil pH Soil EC (dS m1)
Windward 9.58 1.49
Leeward 9.34 1.53
Mean 9.46 1.51
4c. As related to dune levels
Levels Soil pH Soil EC (dS m1)
Interdune 9.56 1.57
Foot 9.50 1.43
Flank 9.59 1.43
Crest 9.19 1.60
Mean 9.46 1.51
4d. As related to dune locations, directions and their levels
Directions Levels Soil pH Soil EC (dS m1)
El-Hauol El-Gapher Magaria Mean El-Hauol El-Gapher Magaria Mean
Windward Interdune 9.22 9.76 9.85 9.61 1.5 1.4 1.8 1.567
Foot 9.11 9.54 9.79 9.48 1.4 1.4 1.5 1.433
Flank 9.33 9.59 9.85 9.59 1.6 1.3 1.3 1.400
Crest 9.27 9.73 9.89 9.63 1.8 1.3 1.6 1.567
Mean 9.23 9.66 9.85 9.58 1.58 1.35 1.55 1.493
Leeward Interdune 9.23 9.82 9.49 9.51 1.4 1.6 1.7 1.567
Foot 9.24 9.67 9.64 9.52 1.5 1.6 1.2 1.433
Flank 9.11 9.78 9.85 9.58 1.2 1.8 1.4 1.467
Crest 9.14 9.43 9.65 9.44 1.3 1.7 1.9 1.633
Mean 9.18 9.68 9.66 9.54 1.35 1.68 1.55 1.527
68 M.R.M. Gad, S.S. KelanSuch relatively high values of the pH, negatively affect the
reaction of the soil and hence the nutrients uptake. This was
reported by Aggrawa and Lahiri (1981) in stabilized and
unstabilized dunes.
Soil salinity
Observations of soil salinity (dS m1) of the dunes under con-
sideration clarify that sand dunes are not salt affected. This is
indicated by the variations of soil salinity which are in the
range between (1.2–1.8), (1.3–1.8), (1.2–1.9) dS m1 for El-
Hauol, El-Gapher and Magaria, respectively. In some cases,
there is a signiﬁcant variable difference in soil EC, the highest
values were recorded in leeward, crest and vice versa in wind-
ward direction, ﬂank and foot levels.
Distribution of natural plants
Tables 5 and 6 show the distribution of natural plants growing
on three sand dunes during two years if mainly composed of 10
plants. It was noticed that A. arenaria grows in three locations
(El-Hauol, El-Gapher and Magaria). C. monacantha and C.
lanatus grow in two locations (El-Gapher and Magaria) and
A. monosperma grows in (El-Hauol and El-Gapher). Manyother plants grow only in one location such as S. aegyptiaca,
P. repens, P. sinaica, L. undulate andC. memphitica in El-Hau-
ol,T. hirsuta in El-Gapher. In this respect, Gad and El-Toukhy
(2010) conﬁrmed this ﬁnding, in North Sinai, reporting that
the natural vegetation is composed of 10 plants belonging to
six families. The Caryophyllaceae family had the highest num-
ber of three plant species followed by Poaceae family (two spe-
cies) then one plant species for the remaining families,
Asteraceae, Chenopodiaceae, Convolvulaceae, Thymelaceae.
Determination of soil seed bank (Tables 7a–d)
– Number of seedling emergence (plant/m2)
Dune locations: In both studied annuals, data showed
variable effective differences among the three topographic
locations. In general, the number of seed germination in
El-Hauol sand dunes has the highest values followed in a
descending order by that on El-Gapher sand dunes and
Magaria locations. The ultimate record values vary from 528
to 81 seeds (Table 7a).
Dune directions: The results obtained concerning the num-
ber of seed germination on the different directions, in both
Table 5 Distribution of natural plants on the three studied dunes in North Sinai during two years, 2007 and 2008.
Directions Levels El-Hauol El-Gapher Magaria
Year 2007 Windward Interdune Artemisia monosperma Thymelaea hirsuta Cornulaca monacantha
Ammophila arenaria Artemisia monosperma
Foot Artemisia monosperma Artemisia monosperma Cornulaca monacantha
Ammophila arenaria Ammophila arenaria
Flank Artemisia monosperma Ammophila arenaria Ammophila arenaria
Crest Ammophila arenaria Ammophila arenaria Ammophila arenaria
Leeward Interdune Artemisia monosperma Artemisia monosperma Cornulaca monacantha
Ammophila arenaria Ammophila arenaria
Foot Ammophila arenaria Ammophila arenaria Cornulaca monacantha
Flank – Artemisia monosperma Cornulaca monacantha
Ammophila arenaria
Crest Ammophila arenaria Ammophila arenaria Cornulaca monacantha
Year 2008 Windward Interdune Silene aegyptiaca Cornulaca monacantha Cornulaca monacantha
Polycarpaea repens Convolvulus lanatus Convolvulus lanatus
Paronychia sinaica
Cutandia memphitica
Artemisia monosperma
Foot Artemisia monosperma Cornulaca monacantha Cornulaca monacantha
Ammophila arenaria Convolvulus lanatus
Artemisia monosperma
Flank Silene aegyptiaca Artemisia monosperma Cornulaca monacantha
Lactuca undulate Ammophila arenaria Convolvulus lanatus
Ammophila arenaria
Crest Ammophila arenaria Thymelaea hirsuta Cornulaca monacantha
Artemisia monosperma Convolvulus lanatus
Ammophila arenaria
Leeward Interdune Silene aegyptiaca Convolvulus lanatus Cornulaca monacantha
Lactuca undulate Artemisia monosperma
Paronychia sinaica Ammophila arenaria
Artemisia monosperma
Ammophila arenaria
Foot Silene aegyptiaca Artemisia monosperma Cornulaca monacantha
Lactuca undulate
Paronychia sinaica
Ammophila arenaria
Flank Polycarpaea repens Artemisia monosperma Cornulaca monacantha
Lactuca undulate
Artemisia monosperma
Crest Artemisia monosperma Ammophila arenaria Cornulaca monacantha
Ammophila arenaria
Silene aegyptiaca – –
Polycarpaea repens – –
Paronychia sinaica – –
– Cornulaca monacantha Cornulaca monacantha
– Convolvulus lanatus Convolvulus lanatus
– Thymelaea hirsute –
Artemisia monosperma Artemisia monosperma –
Lactuca undulate – –
Cutandia memphitica – –
Ammophila arenaria Ammophila arenaria Ammophila arenaria
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veal that the highest and least recorded values (402 and 217
seeds) were detected for the number of seed germination wind-
ward during the two years.
Dune levels: In all periods of storage, the effect of levels was
signiﬁcant on the number of seed germination (Table 7c). The
recorded values were attained for the number of seed germina-
tion on the crest levels in both annuals. The interdune, foot,
ﬂank and crest levels have ultimate values 480, 773, 303 and
777 of seeds germination in the period stored 24 months during
the ﬁrst annual.From the previous results, it could be concluded that the
locations, directions, and levels of sand dunes play a very
important role on the number of seed germination, which
was signiﬁcantly effected (Table 7d).
Simple correlation coefﬁcient (r) between some factors having
interrelationships
Signiﬁcant (\) simple correlation coefﬁcients (r) are those of
0.622–0.707, while the highly signiﬁcant (\\) simple correlation
coefﬁcients (r) are those of >0.707.
Table 6 Distribution of natural plants on the three studied locations.
Family name Scientiﬁc name Vernacular name Location present Life duration
El-Hauol El-Gapher Magaria
Caryophyllaceae Silene aegyptiaca Atar +   Annual
Caryophyllaceae Polycarpaea repens Mokoor +   Annual
Caryophyllaceae Paronychia sinaica Rokheima +   Annual
Chenopodiaceae Cornulaca monacantha Haad  + + Woody perennials
Convolvulaceae Convolvulus lanatus Rokheima  + + Woody perennials
Thymelaceae Thymelaea hirsuta Mitnan  +  Woody perennials
Asteraceae Artemisia monosperma Aader + +  Woody perennials
Asteraceae Lactuca undulate Khaz-Khass +   Annual
Poaceae Cutandia memphitica Samma +   Annual
Poaceae Ammophila arenaria Gazzof + + + Perennial
+, present; , absent.
70 M.R.M. Gad, S.S. Kelan1. Simple correlation coefﬁcients (r) between soil moisture
(%) and the number of seedling emergence/m2 during two
years (Table 8).
Signiﬁcant and highly signiﬁcant simple correlation coefﬁ-
cients are eight. While in signiﬁcant simple correlation coefﬁ-
cients are four.Table 7 Values of soil seed bank (as number of seedling emergence/
levels and, (d) combination of dune locations, directions and their lev
and 2008).
7a. As related to dune locations
Locations Year 2007
Period of soil seed bank stored (months)
0 6 12 18 24
El-Hauol 90 115 818 916 795
El-Gapher 162 168 378 470 563
Magaria 31 28 63 98 393
Mean 94 104 419 495 583
New LSD at 5% 8 4 91 55 23
7b. As related to dune directions
Directions Year 2007
Period of soil seed bank stored (months)
0 6 12 18 24
Windward 139 145 427 485 817
Leeward 52 62 412 504 350
Mean 94 104 419 495 583
New LSD at 5% 7 4 N.S. N.S. 19
7c. As related to dune levels
Levels Year 2007
Period of soil seed bank stored (months)
0 6 12 18 24
Interdune 152 153 550 458 480
Foot 144 167 327 377 773
Middle 41 44 164 271 303
Crest 41 51 637 873 777
Mean 94 104 419 495 583
New LSD at 5% 10 5 105 64 26In the ﬁrst year 2007: The obtained coefﬁcients between soil
moisture (%) and number of seedling emergence/m2 in wind-
ward of El-Hauol, El-Gapher, Magaria and in leeward of El-
Gapher, Magaria are (r= 0.841, 0.956, 0.722) and
(r= 0.971, 0.956); respectively.
In the second year 2008: The obtained coefﬁcients between
soil moisture (%) and number of seedling emergence/m2 inm2) as related to: (a) dune locations, (b) dune directions, (c) dune
els on three studies dunes in North Sinai during two years (2007
Year 2008
Period of soil seed bank stored (months)
Mean 0 6 12 18 24 Mean
547 60 533 820 829 295 507
348 86 118 260 303 118 177
122 7 7 39 71 79 40
339 51 219 373 401 164 242
– 12 17 20 60 18 –
Year 2008
Period of soil seed bank stored (months)
Mean 0 6 12 18 24 Mean
402 71 234 324 347 111 217
276 31 204 422 455 217 266
339 51 219 373 401 164 242
– 10 14 16 49 14 –
Year 2008
Period of soil seed bank stored (months)
Mean 0 6 12 18 24 Mean
359 77 364 397 326 71 247
357 87 114 164 214 61 128
164 28 34 134 234 181 122
476 11 364 797 830 344 469
339 51 219 373 401 164 242
– 14 20 23 69 21 –
(continued on next page)
Table 7 (continued)
7d. As related to dune locations, directions and their levels
Directions Levels Year 2007 Year 2008
Period of soil seed bank stored
(months)
Period of soil seed bank stored
(months)
0 6 12 18 24 Mean 0 6 12 18 24 Mean
El-Hauol Windward Interdune 160 160 240 240 260 212 80 80 80 80 20 68
Foot 140 140 240 240 220 196 100 100 100 100 2 80
Flank 40 80 180 300 240 168 20 20 140 260 260 140
Crest 80 120 1940 2020 1700 1172 2 1800 1880 1960 100 1148
Mean 105 125 650 700 605 437 51 500 550 600 96 359
Leeward Interdune 200 220 2200 2380 240 1048 120 1800 1980 2360 240 1300
Foot 2 100 440 680 500 344 20 100 340 580 260 260
Flank 60 60 860 740 580 460 120 160 420 680 280 332
Crest 40 40 480 1480 820 595 20 200 1620 1440 1200 896
Mean 76 105 1167 1320 535 640 70 565 1090 1265 495 697
El-Gapher Windward Interdune 240 280 560 560 940 516 240 280 280 280 2 216
Foot 620 640 1120 1160 900 888 360 440 480 520 80 376
Flank 100 80 120 140 240 136 20 20 40 60 20 32
Crest 100 100 560 960 1000 544 20 60 860 860 460 452
Mean 265 275 590 705 770 521 160 200 415 430 141 269
Leeward Interdune 120 140 140 140 340 176 2 2 2 2 60 14
Foot 80 80 120 140 300 144 2 20 40 60 20 28
Flank 2 2 200 400 500 221 2 2 200 400 240 169
Crest 20 20 200 260 280 156 20 120 180 240 60 124
Mean 56 61 165 235 355 174 7 36 106 176 95 84
Magaria Windward Interdune 80 80 100 120 1000 276 2 2 20 40 100 33
Foot 20 20 20 20 860 188 2 2 2 2 2 2
Flank 40 40 40 40 240 80 2 2 2 2 180 38
Crest 2 2 2 25 400 86 2 2 2 2 2 2
Mean 36 36 41 51 625 158 2 2 7 12 71 19
Leeward Interdune 80 40 60 60 100 68 20 20 20 20 2 16
Foot 2 20 20 20 60 24 2 2 2 2 2 2
Flank 2 2 2 2 20 6 2 2 2 2 2 2
Crest 20 20 260 500 460 252 2 2 240 480 240 193
Mean 26 21 86 146 160 88 7 7 66 126 62 53
New LSD at 5%: Location · direction 99 11 405 373 352 – 58 436 436 51 15 –
Location · level 14 18 836 186 918 – 151 862 678 101 31 –
Direction · level 408 46 1952 1641 195 – 340 1499 1499 152 45 –
Location · direction · level 66 10 781 365 297 – 47 343 343 51 15
Table 8 Simple correlation coefﬁcients (r) between soil moisture (%) and number of seed germination of three sand dunes in North
Sinai during two years.
Locations Year 2007 Year 2008
Windward Leeward Windward Leeward
El-Hauol 0.841** 0.579 0.114 0.509
El-Gapher 0.956** 0.971** 0.214 0.760**
Magaria 0.722** 0.956** 0.794** 0.731**
** Highly signiﬁcant simple correlation coefﬁcients.
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are (r= 0.794) and (r= 0.760, 0.731); respectively.
2. Simple correlation coefﬁcient (r) between {soil pH and soil
EC (dS m1)} with number of seedling emergence/m2 dur-
ing the period of soil seed bank storage (months) in two
years (Table 9).
Soil pH: Highly signiﬁcant simple correlation coefﬁcients
are 10 during two years and ﬁve period of soil seed bankstorage. The highest value (r= 0.908) of simple correlation
coefﬁcients between soil pH and the number of seed germina-
tion was obtained with period of storage (0 month) during the
second year.
Soil EC (dSm1): Highly signiﬁcant simple correlation
coefﬁcients are 10 during two years in the ﬁve periods of soil
seed bank storage.
The highest value of simple correlation coefﬁcient
(r= 0.903) between soil pH and the number of seed germina-
tion was obtained for 18 months during the ﬁrst year.
Table 9 Simple correlation coefﬁcients (r) between some edaphic factors and number of seed germination under soil storage period
(months) of the three sand dunes of North Sinai during two years.
Years Soil pH Soil EC (dS m1)
Period of soil seed bank stored (months) Period of soil seed bank stored (months)
0 6 12 18 24 0 6 12 18 24
2007 0.774** 0.883** 0.871** 0.891** 0.874** 0.756** 0.869** 0.884** 0.903** 0.887**
2008 0.908** 0.738** 0.787** 0.803** 0.716** 0.896** 0.756** 0.804** 0.819** 0.735**
** Highly signiﬁcant simple correlation coefﬁcients.
72 M.R.M. Gad, S.S. KelanConclusions and recommendations
In the view of the above mentioned the location, direction, le-
vel of sand dunes and micro climate play an important role in
soil seed bank. The storage period of soil seed bank and
edaphic factors such as (physical and chemical characteristics)
effecting the number of seedling emergence/m2.
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